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LASER SYSTEM PEEFORMANCE COMPENSATION THROUGH SIGNAL 

PROCESSING METHOPS 
REFERENCES 

This provisional patent appBcation is a continuation of the US patent that wiU result from 
National Phase of pending Application number PCT/USO3/00463 titled "Apparatus and 
Method for Measurement of Dynamic Laser Signals" filed on January 8. 2003, which is an 
application based on Provisional Application SN: 60/346,728 titled ^'Continuous Laser 
Performance Condensation** filed on January 8, 2002. 

Furthermore, tiiis provisional appUcation is a continuation of the US patent that wffl result 
from National Phase of pending AppKcation number PCT/US03/01O32 titled "Laser 
Temperature Performance Compensation" filed on January 14, 2003, which is an 
applicatbn based on Provisional Application SN: 60/348,967 titied "Laser Power Sensing 
Methods" filed on January 14, 2002. PCT/US03/01032 is a continuation in part of US 
patent appfication US 09/724,692 now US 6,629,638 tided "Electro Optic System 
Controller and Metiiod of Operation". US 6,629,638 patent in turn is a continuation in 
part of patent US 6, 446,867 titled "Electro-Optic Inter&ce System and Metiiod of 
Operatfon" filed on December 24, 1999. 

BACKGROUNB 

Field olT (the ImvemitSoini 

The invention relates to mediods and circuits used to perform compensation for aging, 
temperature, linearity and otiier types of compensation to control performance of a laser 
or anotiier light emitting device. The metiiod and circuits can be used to conqwnsate for 



aging, temperature and other degradation of other components in a system that employs a 
light emitting device. 

Methods and circuits in this provisional application will be presented as they apply to 
lasers. However similar methods and circuits wiU also apply to other embodiments that 
5 inchide different type of light emitting devices such as LEDs. lanqis, and fluorescent 

Descffinfttflm t^f meialted ft<egll«iii>«ift]aY 

Lasers exhibit significant variations in their performance characteristics. Particularly, as 
lasers age and with temperature variations, they wffl substantial^ degrade in performance. 

10 An example ofthe variation oflasers is shown in figure!. The gmph illustrates laser Ught 
power versus laser current. Characteristic 101 corresponds to the laser characteristfc for 
temperature Tl or for an initial age of the laser; characteristic 102 is the laser 
characteristic for temperature T2 or for an aged laser. The control of the laser is set so 
that a given amount of light power is obtained with characteristic 101. If the characteristic 

15 then changes to characteristic 102 then the incorrect amount of light power wiU be 
obtained. The Laser Control System Block Diagram is shown m Figure 2. Atypical 
system win consist of a Digital Controller 2 1 3, a Driver 202 containing a Bias Current 
Generator 203 along with a Modubtion Currem Generator 206, a laser module 209, a 
Tenq)erature Sensor 212, a Monitor Photodiode 21 1 and a digital controller 213. The 

20 controUer applies controls 204. 205 to signal the driver produce the appropriate 

magnitude of Modulation Curtent W 207 and Bias Current W 208. These currents are 
also shown in Figure 3. where the Laser Transmission Waveforms are ilhistrated. For 



characteristic 101. the appUcation of Ib« 208 and iMod 207 results in Light Output-A 303. 
If however, the laser characteristic changes to 102 due to aging or temperature changes, 
the laser output wiU change to Light Output-B 302. which is of a substantially smaller 
magnitude and is not acceptable for many appUcations such as data transmission or analog 
5 signal transmissioa There is the need to increase W 208 and Iwod 207 in order to 
maintain the output constant. A way to compensate for the changes is to is to measure 
the change of the characteristic and make the ^propriate corrections. Measurement 
poses a problem since many systems are required to be permanently on-line, transmitting 
data and cannot be intemipted to make a measurement of the new laser characteristic. 
10 The Monitor photodfode 21 1 is typically used to sense average power Pave 301. &st 
photodiodes are too costfy for most applications and cannot be used to determine the 
change of the stope of the laser characteristic. 
BcscirSiaitaanni ftfftf he Pirfitr M<>|ltttcd Airlt 

Various methods have been used in prior art to correct for the change in the laser 
15 characteristic. One method consists of creating a table of values for W 208 and 207 
versus temperature and having the Digital Controller 213 use a temperature sensor 212 to 
determine the magnitudes of the currents. This method however requires a costly process 
on the production line to heat the laser to generate the lookup table and cannot 

compensate for aging. This is because aging cannot be predicted ahead of time with the 
20 required level of precision to make a table of vahies. 

Another method has been used in the past, which reUes on the application of a tone signal 

that is appHed to the laser. THe tone is recovered by the monitor photodiode and the 



recovered signal is used to detenninetlujch^ This approach has the 

disadvantage that the tone signal MoUdisnipt the transmitted sign^ Disruption causes a 
significant reduction of the noise margin, which renders the approach not usefiiL 
Disadvantages of die industry practice: 
•No age compensation 

«Tenq)erature sensor use is difiScuIt and costfy 
-Mounting 
-Calibration 

-Correlation to laser tenqierature is poor 
•Costly to generate temperature compensation tables in manufecturing 
'Additional error caused by interpolation of temperature tookup tables 
"Devices and methods used to scale values of current have issues 

-Commonly use additional hardware 

-^ot generally portable irom one product generation to another 
•Additional IC used for Diagnostic Monitoring 

SUMMARY OF THE INVENTION 
The invention consists of mathematical models and an algorithm that compensates for 
aging, temperature linearity and other characteristics in a way that the transmitted signal is 
notaflfected. A synthesized test signal is applied to the laser system under test. The 
magnitude of the synthesized test signal is sufficiently small such that ft is effectively 
buried in the noise of the system. Given that property, the synthesized test signal win not 



change the noise margin of the transmitted signal or data. 
Advantages of the present invention: 

•Closed loop precise and continuous Extinction Ratio and Optical Modulation Amplitude 
•Accurately detennines laser parameters 
5 "Any tenq)erature 
oAjoy age of the laser 
"Any transmission speed 
«Non-invasive 

•Close servo loop white data is transmitted 
10 "Saves power and space 

-Laser bias and modulating current monitoring ICs become obsolete 
-No temperature sensor circuits needed in uncooled laser applications 

BRIEF DESCKimON OF THE ©RAWINGS 
1 5 Figure 1 . Laser Characteristic Variation 

Figure 2. Laser Control System Block Diagram 

Figures. Laser Transmission Waveforms 

Figure 4. Laser Performance Compensation Diagram 

Figures. Laser Performance Compensation Process 
20 Figure 6. Optical Transmission Link Performance Compensation 
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DETAILEID BESCMFinON OF AN EMBODIMENT 
An embodiment of this invention is iUustrated in the Laser Performance Compensation 
Diagram. Figure 4 (400). A DSP analyzer 410 implemented in firmware produces a 
synthesized test signal 41 1, which is appUed to the DACs and drivers. An Adaptive 
5 Control System 40 1 implemented in firmware contains a Servo and it is used to set a given 
amount of laser power dependent on the laser characteristics. The servo is designed to 
utilize information in a configuration database regarding the laser characteristic and then 
adjust the Ught power to tiie correct value using those characteristics. The Adaptive 
Control System 401 directs tiie DACs and Drivers 402 to produce the correct amount of 

10 current 403. which is sent to the laser 404 to produce the desired light output 405. A 
monitor photodiode 406 is used to measure average power of the light output 405 and 
provide feedback to tiie Control System 401 to maintam the correct output. A signal 
conditioner 407 performs coarse filtering of tiie noise in tiw monitor photodiode 406 
output in order to narrow tiie bandwldtii and perform amplification of a band of tiie noise 

15 spectiiim. The A/D converter digitizes tiie noise and tiie Firmware vahie scaler 409 
accoums for cahTirationoftiie components used in tiie laser system. TTie DSP Analyzer 
410 performs a detection algoritiim to recover tiie syntiiesized test signal fiom tiie noise. 
Once tiie syntiiesized test signal is recovered, calculations of tiie slope efficiency of flie 
laser characteristic along with tiie tiireshoU inflection point are determined. Tbc new 

20 vahiesoftiie laser sfope efficiency and inflectionpoints are stored in ti« configure 
database, which can tii«i be used by tiie servo to adjust tiie light power to tiie correct 



value. 



The Pcrfonnance Compensation Process is ilhu^ At 501 the Control 

path characteristic, which inchides the Digital Controller, laser driver, laser, monitor 
photodiode. Signal Conditioner and A/D converter is calibrated. 
The ControHer applies a synthesized test signal 502 to the laser. A micro detector in the 
DSP analyzer 410 acquires the signal, which is buried in noise. Inoneembodhnent.the 
DSP analyzer 410 utilizes a DSP algorithm 504 with lock-in detection to multiply a 
sinusoidal synthesized test signal by the digitized vaUie lesultmg from the A/D conversion. 
The mathematical operation of multiplying two sinusoids in phase yields a DC value 

proportional to the amplitude ofthe two simisoids divided by two. plus harmonics. TTie 
analyzer then appfies an ultra low bandwidth low pass filter to eliminate the harmonics and 
noise. After the recovery ofthe synthesized test signal 502. the slope and threshold 
inflection point of the laser characteristic are determined and the updated parameters are 
passed on to the servo through the configuration memory. The servo then sets the laser 
output. Using the basic technique of injecting a micro level synthesized test signal 
convarable to the magnitude ofthe system noise opens a mult^licity of options for 
compensatmg a laser system. For example, other Digital Signal Processing (DSP) 
processes are possible which can be used to compensate for parameters such as linearity 
and wavelength tuning detectioa 

The present mvention can be used to compensate for defects and changing characteristics 
ofa fiber optic link whfle the link is in operation. As described in the references, this 
patent appKcation is eflfectively a contimiation m part of US 6. 446.867 titled -Electro- 



Optic Inter&ce System and Method of Operation- US 6, 446, 867 describes a method 
used to cafibrate a fiber optic Hnk for various parameters using a Digital ControUer and an 
internal switch in a transceiver used to close a bop in a fiber optic transmission system 
and thus recover information about the fiber optic link to perform necessary adjustment to 
5 the laser. Performance for the apparatus and method in US 6. 446, 867 can be enhanced 
by the use of the present invention for the purpose of link characterization since the fiber 
optic transmission system can now be characterized and adjusted while data is transmitted. 
Optical Transmission Link Performance Characterization is shown in Figure 6. A first 
Transceiver 601 and a Second Transceiver 604 contain internally contain the hardware and 

10 firmware features described in Figure 4. Laser Performance Compensation Diagram 400. 
In addition, an appropriate internal architecture of the digital control as described in US 
6, 446, 867 is contained. At 601. the First Transceiver control system injects a 
synthesized test signal, which will be embedded in the noise that is part of the light output 
of First Transceiver. The synthesized test signal travels through optical fiber 602 and is 

15 detected by Second Transceiver 604. where the signal is recovered by a signal processing 
method described above. The Digital ControDer in Second Transceiver 604 detects the 
received synthesized through a lock-in detection measurement used to detect a signal 
buried in noise as described before. The informatfon regarding the characteristic of the 

received signal is sent back to the First Transceiver 601 so that the laser in First 
20 Transceiver is adjusted to compensate for issues in the fiber optfc Hnk 602 in order to 
optimize signal transmissioa The Second Transceiver 604 can send information 
regarding the measurement of the received signal hack to the First Transceiver 601 by 



using a similar technique as described before J.e. a 

having the First Transceiver 601 use a lock-in detection method. Information can be a 
digital signaling scheme, which uses a synthesized test signal of micro level magnitude ) 
carrier. 
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